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Recently, a method has been developed for estimating lipids by measuring
the spread of these compounds as a monolayer film on water under controlled
conditions (1—3). This method has the advantage of simplicity, sensitivity, and
speed. In this paper a modification of this technic for the estimation of free and
combined cholesterol in samples as small as 0.1 ml. of blood or serum is con-
sidered. The method may be adapted, as well, to other tissues.
Since there is, at present, no simple way to distinguish between the various
isomers of cholesterol and closely allied compounds, in this paper the term,
cholesterol, designates digitonin precipitable material. The method depends on
the fact that this precipitate is insoluble in petroleum ether and cholesterol can
therefore be measured by the difference in film area before and after its removal
from a solution of lipid by digitonin. For this same reason, many times the
stoichiometric amount of digitonin required to combine with the cholesterol can
be used to assure its quantitative removal.
METHOD
Reagents
1. Petroleum Ether (Reagent Grade) redistilled
2. Acetone (Reagent Grade) redistilled
3. Digitonin Solution (0.5% in 95% redistilled Ethanol)
4. Potassium Hydroxide Solution (40% in distilled water)
5. Alcoholic Hydrochloric Acid Solution (Sat'd. Sol. of Hydrocholoric Acid gas in
Absolute Alcohol)
6. 1:1000 Phenolphthalein Solution in Absolute Alcohol redistilled
7, Ether (Reagent Grade) redistilled
8. Absolute Alcohol, redistilled
9. Piston Oil—Cenco Hyvac Oil No. 93050C or any good motor oil is heated below the
smoking point in a thin film until it becomes highly oxidized, dark brown in color, and
spreads rapidly over water.
EXTRACTION
For the determination of free cholesterol in serum extracts, a volume of 0.1 ml. of serum
is carefully dropped from a calibrated pipette into a 5 ml. volumetric flask containing 2 ml.
of the (1:2) acetone-absolute alcohol solvent mixture which is maintained at gentle boiling
by immersion of the flask in a hot water bath at 85—95°C. The volumetric flask is shaken to
break up lumps of precipitated protein and the boiling of the solvent continued until one-
half has distilled off. The flask is then removed from the bath and the contents allowed to
come to room temperature. The flask is filled to the mark with acetone-alcohol solvent,
stoppered, and well shaken. To avoid evaporation losses, the extract is quickly filtered
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through a dry paper filter into a 5 ml. test tube and a 2.0 ml. aliquot immediately trans-
ferred to another 5 ml. volumetric flask. The aliquot is evaporated to dryness on the hot
water bath under a stream of nitrogen gas. The residue is dissolved in petroleum ether and
made up to the mark. An aliquot of tbis is used to estimate the total lipids. The remainder
of the petroleum ether in the flask is now evaporated to dryness on the water bath under a
stream of nitrogen, and 1 ml. of a 0.5% solution of digitonin in 95% alcohol added to the
contents. The flask is now allowed to stand at room temperature for one hour. The solvent
in the flask is again evaporated to dryness under a stream of nitrogen and the residue dis-
solved in petroleum ether and made up to the mark. One-tenth ml. portions of this solution
are used to determine the lipids remaining after the removal of the cholesterol.
For the estimation of total cholesterol, a volume of 1.0 ml. of the original filtrate is
placed in a 5.0 ml. volumetric flask and evaporated to dryness on the water bath under
nitrogen. Two ml. of alcohol are added to the residue and this is followed by the addition of
one drop of 40% aqueous potassium hydroxide solution. The volumetric flask is then stop-
pered and placed in an oven held at 40°C. for three hours. At the end of this period, one
drop of a 1:1000 solution of phenolphthalein in alcohol is added and the mixture is neutral-
ized by careful addition of a solution of hydrogen chloride in absolute alcohol. After neutral-
ization, the solvent is evaporated and the residue is extracted with petroleum ether and
made up to the mark. The procedure is then identical with that followed in the estimation of
free cholesterol.
MONOLAYEE FILM TECHNIC
The monolayer film technic, as described in preceding publications (1—3), has undergone
changes and refinements leading to increased accuracy. As used in this study, it is briefly as
follows:
A Central Scientific Company Hydrophil balance is coated with hard paraffin and filled
with glass distilled water. On the water is placed a drop of highly oxidized mineral oil
(piston oil). This spreads over the surface of the water, forming a colored film. By means of
a paraffin-coated bar, the film is compressed until the balance shows a film pressure of 10
dynes per centimeter. On this colored film is placed a measured amount of the petroleum
ether solution of the lipid to be estimated. The ether evaporates and the fat spreads as a
monomolecular layer against the tension of the piston oil film. If necessary, the tension
is again adjusted by moving the limiting bar until the balance again reads exactly 10
dynes per centimeter.
As soon as all film movement has ceased, a glass plate is placed above the film and the
outline of the monolayer film is traced on the glass by means of a pen or wax pencil. This
outline is then traced on paper and the area obtained by means of a planimeter. Knowing the
area of this monolayer film, the weight of the cholesterol can be obtained by multiplying
the area by a conversion factor. This factor may be obtained by direct measurement of
weighed amounts of cholesterol which gives 1 sq. cm. equivalent to 0.153 microgram.
A. The determination of the calibration factor relating area of spread cholesterol film to
weight of cholesterol:
0.5769 g. of anhydrous cholesterol was dissolved in 100 ml. of absolute alcohol and then
various aliquots of this stock solution were placed in the appropriate volumetric flasks,
evaporated to dryness, dissolved in petroleum ether to volumes which finally gave 11.54,
5.77 and 2.88 pg. per 0.1 ml. of solution. These solutions were spread and the area of the
spread cholesterol films measured. The coefficient of the regression of area on known weight
of cholesterol was taken as the calibration constant. This is 6.445 sq. cm. per microgram of
cholesterol, or conversely, 1 sq. cm. = 0.153 microgram. The regression equation is y = .09+
6.45 x and correlation coefficient is r = 0.9997with a standard error of estimation ,Syx =0.174
microgram.
B. The recovery of hnown amounts of cholesterol added to serum ertracl:
Two ml. of human serum were extracted in 50 ml. of 1:2 acetone-alcohol mixture. To the
filtrate from this, known amounts of cholesterol were added to 0.2 ml. aliquots and the
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TABLE I
Recovery of added cholesterol (free cholesterol in micrograms)
TOTAL CHOL. ADDED COOL.DET'N. COOL. ADDED DIRE. DIFF. %ESTIMATED RECOVERED
1 0.0 16.5 —
2 71.3 88.1 71.6 +0.3 0.4
3 76.1 92.3 75.8 —0.3 0.4
4 79.5 97.5 81.0 +1.5 1.8
5 148.5 161.3 144.8 —3.7 2.6
6 155.7 165.6 149.1 —6.6 4.4
7 213.4 323.5 216.0 +2.6 1.2
8 214.1 288.7 212.2 —1.9 0.9
9 230.7 240.5 224.0 —6.7 3.0
10 291.8 312.0 295.5 +3.7 1.3
11 296.2 308.3 291.8 —4.4 1.5
12 302.2 315.0 298.5 —3,7 1.2
Ave —1.8 1.7
TABLE II
Recovery of added cholesterol (total cholesterol in micrograms)
DET'N.
1
2
3
4
5
6
7
8
9
COOL. ADDED
0.0
71.7
126.0
154.2
159.5
260.0
286.0
287.9
288.0
TOTAL CHOL.
40.1
105.8
167.0
183.7
171.2
297.0
304.7
315.0
318.0
ADDED COL.
0.0
65.7
126.9
143.6
131.1
256.9
264.6
274.9
277.9
FIFE.
—6.0
+0.9
—10.6
—28.4
—3.1
—21.4
—13.0
—10.1
DIEF. %
9.1
0.7
7.4
21.6
1.2
8.1
4.7
3.7
Ave —10.2 7.05
free cholesterol of the serum estimated in the mixture. This gives the free cholesterol of the
serum plus the additions of cholesterol. The results are given in Table I.
If the regression equation is computed, including the cholesterol present in the serum, it
is found to be p = 19.9 + .971 x, with a correlation coefficient of 0.996 and the regression
coefficient, b = 0.971, which represents a geometric average recovery of 97.1% over the
range. The standard error of estimation is 8.5/1g. If, however, only the recovered cholesterol
is compared with added cholesterol, the difference is an average of —1.8 g. or a percentage
error of 1.7%, as computed in the usual manner. The correlation coefficient of this relation-
ship is Syx/8y28y2 = .9999.
C. The recovery of known amounts of added cholesterol to a serum extract and the determina-
tion of total cholesterol in the mixture:
The same precedure was followed as In (B), except that saponification of the aliquots was
performed after the known amounts of cholesterol were added. The results are reported in
terms of the amount of total cholesterol in the original filtrate aliquot containing the added
cholesterol in Table II.
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As in (B), the regression equation for the data, including the total cholesterol in the
blood, is y 37.2 + .962 x, where the geometric average recovery is96.2% and the correlation
coefficient is .986. The standard error of the estimation is 15.2 pig. over the range. Again,
the average arithmetical difference between added and recovered is —10.2 jig. with a per-
centage error of 7.1%. The correlation coefficient between the added and recovered choles
terol is Sxy/iSx2Sy2 = .9991.
D. Duplicate analyses of different sera for total cholesterol:
Eight samples of human serum, some normal and some pathological, were chosen at
random and run serially without selection, in order to demonstrate correlation between
duplicate samples. It was found that good agreement was obtained as shown by a correlation
coefficient of 0.998.
Discussion
The extraction procedure is the conventional method of dropping the tissue
into boiling solvent to separate the cholesterol from the blood proteins. This has
been found to be satisfactory by many investigators (5—8). The solvent used by
us (1:2 acetone-alcohol) is similar to that (1: 1 acetone-alcohol) used by Schoen-
heimer and Sperry (8). The small amount of cholesterol present in our solutions
is readily and completely soluble in the solvent used. Recently, Wagner (9) care-
fully hydrolyzed with acid the protein residues from such extractions and showed
that no cholesterol is occluded by denatured protein.
Neither the digitonin used, nor the digitonin-cholesterol precipitate formed
must spread on water. With good digitonin, this does not occur, and solutions
of digitonin can be readily tested for deterioration before being used. On account
of the small amounts of cholesterol present in the solutions tested by the mono-
layer film method, complete precipitation is required. Ewart (10) has shown that
an excess of digitonin is required for a complete reaction. In this method there
is no limit to the excess that can be used, but 2 to 5 times the theoretical amount
required is used. With these amounts, the reaction between cholesterol and digi-
tonin takes place readily and is complete in less than an hour's time. In this
method, likewise, it is not necessary for all the precipitate to be removed from
the petroleum ether solution.
The saponification of cholesterol esters has been a subject of much study.
Schoenheimer (8) gives evidence that synthetic cholesteryl oleate is saponified
in 30—60 minutes at 39°C. with alcoholic potassium hydroxide. Staub (11) be-
lieves that 3 hours reflux with sodium ethoxide is necessary. In our laboratory
it was found that 3 hours at 40°C. was sufficient to recover the theoretical choles-
terol from a sample of cholesterol myristate.
The reliability and validity of the method is shown by the values of the relia-
bility coefficients and the regression coefficient. The methods and terminology
are those used by Snedecor (12).
The accuracy of the monolayer film technic is demonstrated by the quantita-
tive recovery of weighed cho)esterol. The recovery of cholesterol from blood de-
pends on the extraction of cholesterol from blood by the same method that has
been used by nearly every investigator in this field.
SUMMARY
1. A micromethod for the estimation of free and total cholesterol in human
serum or blood has been presented. This is based on the measurement of areas
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of monomolecular films of the lipids before and after the cholesterol has been
removed by digitonin.
2. A modified technic for forming and measuring monolayer films is described.
3. Cholesterol can be estimated by the monolayer film method in 3—12 micro-
gram quantities with recoveries of 97 % (free) and 96 % (total) cholesterol.
These small quantities of detectable cholesterol represent one-sixth to one-half
the amounts of cholesterol required by conventional colorimetrie procedures.
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